In the first part of this study we extracted, isolated, and identified the main diterpenoid constituents from the roots of a Central Asian medicinal and ornamental plant -Perovskia atriplicifolia Benth. Eight major nor-abietanoid pigments were obtained using NP silica gel column chromatography and preparative RP-HPLC: cryptotanshinone, 1-hydroxycryptotanhinone, miltirone, 1-oxomiltirone, tanshinone IIa, 1,2 didehydrotanshinone IIa, 1,2 didehydromiltirone, the nonquinone diterpenoid -arucadiol, as well as rosmarinic acid as a main phenolic compound. Secondly, we used the obtained compounds for fast and selective determination of the main diterpenes present in P. atriplicifolia root extract. After extraction with n-hexane, the quantitative analysis was carried out by LC-MS/MS with a triple quadrupole (qQq) mass detector without any prior clean-up step. Identification of the diterpenes was confirmed by multiple reaction monitoring (MRM) using the most representative transitions from the precursor ions, while the most sensitive transitions were used for quantification in a 19-minute run. Most of the isolated and analyzed compounds had not been previously reported from this species. This easily cultivated plant is a promising source of several pharmacologically valuable abietanoid diterpenoids.
Perovskia is a small genus of shrubby plants, closely related to Salvia and Rosmarinus, which comprises several species widespread throughout Central Asia (mainly Afghanistan, Iran, Turkmenistan, and Uzbekistan) [1] . In Iranian folk medicine, P. abrotanoides Kar., known locally under the vernacular name of "brazambol", is used against cutaneous leishmaniasis, as an antiinflammatory drug, as an analgesic in rheumatic pain, and as an antimalarial remedy [2a-b] . P atriplicifolia Benth. is a folk medicinal plant used in Pakistan and Afghanistan [1] . Previously, phenolic compounds, lignans, triterpenes, steroids, and essential oil with mono-and sesquiterpenes have been reported from the aerial parts of plants from this genus, including P. atriplicifolia [1, 3a-b] . The major active compounds of Perovskia roots are nor-abietanoid quinoid diterpenoids called tanshinones, which are also the main constituents of the well-known Chinese herbal medicine 'Danshen' (Salviae miltiorrhizae rhizoma et radix, a pharmacopoeial drug of China and Europe). The pharmacological activities of tanshinones include effects on cardiac function, aldose reductase inhibition, binding to benzodiazepine receptors, and apoptosis induction [4a-c] . In Perovskia, tanshinones have only been studied in P. abrotanoides [4a, 5] , which also contains the unusual tetracyclic oxygenated diterpenes abrotanone and abrotandiol [3a] . P. scrophulariifolia Bunge -another medicinal species used in Uzbekistan -is rich in abietane-type diterpenoids isolated from aerial parts [6] . Several varieties of P. atriplicifolia are cultivated worldwide as ornamentals, known under the name Russian Sage. Previously, only the aerial parts had been studied [1, 3a-b] , and in addition to the numerous abovementioned compounds the novel C 23 diterpenoid perovskatone A was isolated [7] . To date, there is no published LC-MS method for analysis of diterpenoid and phenolic compounds in Perovskia roots. (1) , miltirone (2), tanshinone IIa (3), 1oxomiltirone (4), cryptotanshinone (5), 1,2 didehydromiltirone (6), 1,2 didehydrotanshinone (7), 1βOH-cryptotanshinone (8) , and rosmarinic acid (9) . Therefore, we focused on the isolation and identification of the main compounds from the roots of P. atriplicifolia, cultivated in Europe (Wroclaw, Poland). From the n-hexane extract we isolated and identified eight nor-abietanoid diterpenes (Figure 1 ), of which seven were ortho-quinone tanshinones: miltirone (2), tanshinone IIa (3 ), 1-oxomiltirone (4 ), cry ptotanshinone (5 ), 1,2 didehydromiltirone (6), 1,2 didehydrotanshinone (7) , 1β-OHcryptotanshinone (8) , as well as the non-quinone arucadiol (1) (an ortho-dihydroxy 'sibling' of 1-oxomiltirone). Rosmarinic acid (9) was the main phenolic compound in the methanolic extract. Furthermore, we optimized a fast and selective method for quantitative determination of the main diterpene compounds and rosmarinic acid using LC-ESI-MS/MS with multiple reaction monitoring (MRM). All MRM spectra of the 15 most prominent ion m/z are attached as supplementary data.
Quantitative analysis was made only for the six tanshinones (2,3,5,6,7,8) that were isolated in sufficient amounts (as in Table 1 ). Compounds 1 and 4 were only used for qualitative MS/MS experiments. MRM ions and ionization settings are shown in Table  2 . The results of MRM-based quantitative analysis are shown in Table 3 , and the representative chromatograms in Figures 2 and 3 . The calibration using the isolated tanshinones showed good linearity and adequate quantitation range and limits.
Three of the nor-abietanoids, 5, 8, and 4, had been previously reported from the roots of P. abrotanoides, alongside oxocryptotanshinone, which we did not find in our study [5] . The cryptotanshinone content in the roots of P. abrotanoides was 4.21 mg/g, which is significantly higher than that reported from S. miltiorrhiza [10a-b] . The recovery in our isolation experiment was also satisfactory with over 0.85 g of chromatographically pure CT from 250 g of dried roots (0.34 %). Larger amounts of 5 CT and 8 , was much less abundant in our P. atriplicifolia material (0.16 mg/g dw). In a putative biosynthetic pathway [12, 13] , 8 is a direct upstream intermediate preceding 3, but it is also up-regulated upon stress and may be a phytoalexin in these plants [13] . Similar to S. miltiorrhiza, two dehydrogenation products (desaturation of A-ring C1-C2 bond) were also present in Perovskia -1,2didehydrotanshinone (7) and didehydromiltirone (6) . Interestingly and unlike in S. miltiorrhiza, 7 was present in P. atriplicifolia in much higher amounts than the reduced form 3. Arucadiol (1) Nor-abietanoids from Perovskia atriplicifolia Natural Product Communications Vol. 10 (7) 2015 1151 tanshinones was performed by Yang et al. [9] , who identified 27 diterpenoids and quantified 11 of them using an optimized RP-HPLC method. They also provided fragmentation patterns obtained with an ion trap. In Perovskia, the number of detected tanshinonetype compounds is lower and the fingerprint is less complex than in S. miltiorrhiza [9] . Wu et al. [17] used an LC-MS method with a triple quadrupole device and MRM to quantify four phenolic compounds and three tanshinones in various 'Danshen' materials that required a runtime of over 50 minutes. Liu et al.
[18] used an HPLC-ion trap MS n method to quantify ten phenolic acids and nine tanshinones in a similarly long analysis time as reported in [17] .
Recently, many reports have been published on LC-MS determination of tanshinones in physiological fluids such as plasma or urine [16, 19a-b] . Modern high resolution methods are also being developed for analysis of complex TCM drugs containing tanshinones [20] .
In conclusion, we can confirm that P. atriplicifolia roots contain an abundance of bioactive diterpenoids, some of which have not been reported from this species before. This popular ornamental plant, which is easy to grow on poor soils, could be an alternative source of these compounds for pharmacological investigations and therapy. 13 C NMR spectra were recorded with a 5 mm BBO-probehead with z-gradient as described in [21] . All solvents used for the preparative part of this work were of analytical grade and purchased from POCh (Gliwice, Poland) and Chempur (Piekary, Poland). HPLC-quality deionized water for extraction was obtained using Hydrolab system (Neunhuben, Poland). LC-MS grade acetonitrile, methanol, water, and formic acid were obtained from J.T.Baker, (Deventer, Netherlands). Rosmarinic acid standard was from Sigma-Aldrich (St. Louis, USA).
Experimental

Isolation and identification of compounds:
The ground roots were extracted 3 times with n-hexane in an ultrasonic bath (IS-40, Intersonic, Poland) at 35°C for 4 h, followed by subsequent extraction of the roots with methanol (MeOH, 3 x 1.6 L at 35°C for 4 h). The crude extracts were dried in vacuo and used for further separation. The n-hexane extract (5.3 g) was applied to a glass column filled with silica gel (400 g, 60 x 5 cm). The column was eluted with a dichloromethane-ethyl acetate gradient with EtOAc increasing from 1% to 100% (Table 1 ). The fractions were monitored by TLC (Merck SG-60 F 254 pre-coated glass plates) and combined accordingly. The fractions were purified by semipreparative HPLC using the described conditions and/or a silica gel column (3 x 25 cm) eluted with n-hexane-ethyl acetate step gradient starting from 5% EtOAc, then 10%, 20%, 30%, and 50% of EtOAc, to afford compounds 1-9, which were identified based on MS/MS and NMR spectra by comparison with the previously published data [4, 5, 8, 9, 11, 14, 17, 18] . Fraction F1 was separated using semipreparative HPLC to yield 1 (1.1 mg). Chromatography of F2 on a silica gel (0.04-0.063 mm) column (3 x 25 cm) using n-hexane: EtOAc (95:5, v:v) yielded 31 mg of 2, and increased polarity (9:1) afforded 53 mg of 3. Chromatography of fraction F4 with n-hexane:
EtOAc (8:2) gave 4 (16 mg). From fraction F5, using increasing polarity of the solvent mix (7:3) we obtained 5 (852 mg). Compounds 6 (46 mg) and 7 (72 mg) were obtained from F6 using the same eluent (6:4). Finally, we rechromatographed fraction F7, which afforded 8 (82 mg) with n-hexane: EtOAc (1:1). Eleven g of MeOH extract was suspended in water, mixed with Amberlite XAD-16 resin applied to a Schott funnel and washed with 1.5 L of acidified hot water (0.1% HCl) to obtain 5.33 g of sugar-rich water fraction (discarded). Next, 1.5 L of MeOH (acidified with 0.1% HCl) was used to yield 4.22 g of MeOH fraction in which a creamcolored sediment formed during evaporation. The sediment was filtered and recrystallized from MeOH to yield 421 mg of 9 (rosmarinic acid).
Preparation of calibration curve:
All isolated compounds and standards were dissolved in MS grade MeOH to obtain appropriate stock solutions. Immediately before analysis, each stock solution was diluted with methanol to prepare a final mixed standard solution (in the range from 2.2 to 18 µg/mL). For construction of the regression curves, a series of 7 calibration solutions was prepared by dilution of the mixed standard solution with methanol ( Table 3) . The calibration equations, linearity ranges, coefficients of determination (R 2 ), limit of detection (LOD) (signal-to-noise ratio (s/n) = 3) and limit of quantitation (LLOQ) (s/n = 10) are shown in Table 3 . For LCMS analysis the n-hexane and MeOH extract were used at 0.0284 mg/mL and 0.0192 mg/mL, respectively. 
Instrumentation and chromatographic conditions
MS/MS:
Mass spectrometric detection was made on a Shimadzu triple-quadrupole system LCMS-8030 with electrospray ionization (ESI). The parameters and conditions were optimized as follows: capillary voltage 4.5 kV, desolvatation line (DL) temperature 250˚C, heat block temperature 400˚C, nebulizing gas flow and drying gas flow were 3 L/min and 15 L/min, respectively. The [M+H] + ion was selected for CID (collision-activated dissociation) studies as the precursor ion. For pure compounds, we used an optimization method, which allows selection of collision energy and prominent MS/MS product ions.
Compound calibration curve regression formula y=bx+c r 2 Range (ng/ mL) LLOQ (ng/mL) LOD (ng/mL) Conc (μg/mL) content in roots (mg/g dw) 1,2-Didehydrotanshinone (7) y= (1, 63473 
